Histoplasma capsulatum is a pathogenic dimorphic fungus responsible for the human disease histoplasmosis. The fungus exists in soil as multicellular filamentous mycelia, but in an infected host it grows as budding yeast. This eucaryotic organism can be easily maintained in culture in either ofthe two morphological phases by controlling the temperature of incubation; yeasts grow at 370C, and mycelia grow at 250C. By shifting the temperature of incubation, the transition from one phase to the other is induced.
Our previous work has suggested that cyclic 3',5'-AMP (cAMP) may be an important morphogenetic determinant in the phase transition of H. capsulatum (J. Medoff, B. Maresca, G. Medoff, and G. S. Kobayashi, J. Cell. Biol. 70: 94a, 1976). The mycelial phase of the fungus contains approximately 5 times more cAMP than does the yeast phase (9) . Furthermore, exposure of yeast cultures at 370C to dibutyryl cAMP or theophylline, an agent which raises intracellular levels of cAMP, induces the transition to mycelia at the nonpermissive, elevated temperature (9) . Here, we examine intracellular and extracellular levels of cA.MP during the temperature-induced phase transitions.
The Down strain of H. capsulatum, a clinical isolate of the (-) mating type (8) Growth of yeast transferred to 25°C was slower than growth in control cultures kept at 370C (Fig. 1A) . The difference in growtb rate was most marked during the early stages of the transition, but transforming cultures eventually reached dry weights equivalent to those of controls (Fig. 1A) .
Intracellular cAMP increased at the same rate in control cultures and in yeasts incubated at 250C for the first 72 h (Fig. 1B) (Fig. 10) . In transforming cultures at 250C, substantial quantities of cAMP were detected in the medium between 48 and 72 h after the temperature switch, coincident with the first morphological signs of phase transition. During the remainder of the transition from yeast to mycelium, the extracellular cAMP increased dramatically, reaching levels 5 times greater than those in yeast controls (Fig. 10) . In another experiment (data not shown), the extracellular levels of cAMP in transforming cultures increased to almost 40 times the level in the medium of control yeast. In this experiment, cells placed at 250C showed signs of transformation as early as 48 h. Coincident with the precocious transformation in these cultures, large amounts of cAMP could be detected in the medium at 2 days.
The cyclic nucleotide concentration in cells and in medium from cultures undergoing the yeast-to-mycelium transfornation was measured in six independent experiments. Although the absolute levels of cAMP detected varied due to differences in growth conditions, transforming cultures in all cases accumulated and released into the medium 5 to 50 times more cAMP than did yeast controls. The reverse transition from the mycelial to the yeast phase was a more prolonged process, taking 2 to 3 weeks. After shifting the temperature of incubation to 37°C, the large tangled mycelial clumps began to break up into smaller masses. Buds appeared on hyphal surfaces from 6 to 12 days after the change in temperature. By 2 weeks, free budding yeastlike cells were evident in the culture, but the fungus did not appear to be completely transformed until almost 3 weeks.
When mycelia were placed at 370C, the temperature which induced the transition to yeast, growth slowed markedly in transforming cultures for a 5-day period and then resumed ( Fig.  2A) . It was only at this time that the first morphological indications of the transition occurred. Due to the length of time required to complete the transition, there was some variability in growth rates in the individual flasks sampled throughout the transition.
The intracellular levels of cAMP fell in both control and transforming mycelial cultures. However, the levels fell much more sharply in transforming cultures, particularly during the 5-day period after the temperature shift from 25 to 370C, when essentially no increase in mass occurred (Fig. 2B) . When buds began to emerge on hyphal surfaces and the cells reinitiated growth, the cAMP content of the transforming cells began to rise to levels characteristic ofyeast cells.
The cAMP concentration in the medium gradually fell in transforming cultures at 370C until morphological evidence of the transition occurred (Fig. 20) . At that point, there was a transient rise in extracellular cAMP, and the levels surpassed those detected in control mycelial cultures (Fig. 20) . cAMP levels then fell at about 10 days to concentrations characteristic of the yeast phase (Fig. 20) . At this time, free yeasts in the medium were actively dividing. Throughout the transition cAMP secreted into the medium reached amounts 20 to 100 times greater than intracellular amounts at the same stage of development.
The levels of cAMP also changed markedly during the growth cycle of control mycelial cultures maintained at 250C. In young, dilute cultures of mycelia, the intracellular and extracellular levels of cAMP were high (Fig. 2B and C) . During the stationary growth phase, as culture conditions became crowded, the levels of cAMP fell and remained low (Fig 2B andC) .
The analysis ofthe mycelium-to-yeast conversion was repeated six times, and the same pat- tern of cAMP accumulation was observed, although absolute values varied from experiment to experiment. cAMP has been implicated as a mediator of dimorphism in other organisms. In the fungus Mucor racemosus, the yeast form contains higher levels of cAMP than does the mycelial phase (11) . In contrast to H. capsulatum, there is a decrease in intracellular cAMP during the yeast-to-hyphae transformation, and the addition of dibutyryl cAMP to yeast cultures maintains yeastlike development and inhibits hyphal morphogenesis (6) . Although this is the reverse of what we observed in H. capsulatum, both systems are similar in that cAMP may be a regulatory element in the dimorphic transition. In contrast to M. racemosus, a rise in intracellular cAMP accompanies the yeast-to-hyphae conversion of Candida albicans (10) . In this fungus, as in H. capsulatum, the mycelium contains higher concentrations of cAMP than does the yeast form (10) .
There are even more similarities between the effect of cAMP on H. capsulatum and its role in mediating differentiation in the cellular slime mold Dictyostelium discoideum. In both organisms, a primary event in the differentiation process is an increase in intracellular cAMP levels followed by a rise in extracellular cAMP (3). In the yeast-to-mycelium transfornation of H. capsulatum induced by cAMP there is an initial aggregation of single yeast cells followed by the formation ofthe multicellular filamentous form. Similarly, in the slime mold, the solitary amoebae aggregate in response to cAMP pulses, followed by the fornation of a multicellular organism (2, 5) . Finally, removal of exogenous food supply initiates cAMP production and differentiation in slime molds (7) , and in H. capsulatum, the yeast-to-mycelium transition, with its accompanying rise in cAMP, is often elicited by unfavorable environmental conditions such as the elimination of the essential amino acid cysteine from the medium or a decrease in the size of the initial inoculum (12) .
The role of cAMP in regulation of differentiation and morphological change in eucaryotes is unknown. It is probable that there is no uniform mechanism in different eucaryotes. In the case of H. capsulatum, there are marked differences between the yeast-to-mycelium and myceliumto-yeast transitions in regard to cAMP accumulation. Therefore, careful study of both transformations coupled with the use of transitional mutants may provide a powerful means of investigating the precise mode of action of cAMP in morphogenesis.
